We consider the cosmic and heliospheric magnetic field observations made during the years 2000 and 2001 when Voyager 1 (V1) moved from 76.1 to 87 AU at a heliographic latitude of approximately 34=5 and Voyager 2 (V2) moved from 59.8 to 69 AU at a heliographic latitude of approximately À25=5. A global merged interaction region (GMIR) containing intense fluctuating magnetic fields was observed by V2 and V1 at %61 and %78 AU, respectively, during 2000. This GMIR produced the first steplike decrease in the cosmicray intensity observed in the distant heliosphere during solar cycle 23. The GMIR and the steplike decrease in cosmic-ray intensity occurred later at V1 than at V2, the time delay being approximately the propagation time of the GMIR from V2 to V1 at the solar wind speed. A spherically symmetric MHD model, with data from 1 AU as input, predicts the GMIR that caused the step decrease at V2 during the year 2000, consistent with a view that the GMIR had the form of a quasi-spherical shell. The radial extent of the GMIR was %13-20 AU at V2 and %28 AU at V1, indicating a deviation of the shape of the GMIR from spherical symmetry. It is possible that, when the trailing edge of the GMIR moved past V1, the leading part of the GMIR was in the heliosheath beyond the termination shock, if the termination shock was between 80 and 100 AU. The GMIR consisted of a cluster of magnetic field strength enhancements by a factor of %2 on average. Decreases in the cosmic-ray intensity were observed by V2 and by V1 (starting at the end of 2000 and the beginning of 2001, respectively), and regions containing intense magnetic fields, which were probably parts of a second GMIR, caused them. Throughout the years 2000 and 2001, both V1 and V2 observed a correlation between changes in the cosmic-ray intensity and the magnetic field strength that are qualitatively described by the '' CR-B relation.'' Thus, the GMIRs remain effective modulation agents as they travel through the most distant regions observed to date.
INTRODUCTION
An inverse relationship between the cosmic-ray intensity and the interplanetary magnetic field strength at 1 AU was studied by Barouch & Burlaga (1975) . They found that long-lasting Forbush decreases were related to strong magnetic fields associated with transient flows and shocks, whereas magnetic field enhancements associated with the corotating interaction regions did not produce net modulation. Quasi-stationary corotating steams can have high speeds, which produce local variations in the cosmic-ray intensity (Iucci 1979) , in accordance with diffusionconvection theory (Kota & Jokipii 1991) , but they do not cause a net decrease in the cosmic-ray intensity. A transitory corotating stream, produced by the extension of a lobe of a polar coronal hole to the ecliptic and its subsequent retraction (Burlaga et al. 2002a) , might produce modulation on a scale of the order of a few solar rotations, but this effect has not been modeled. A simple relationship between the magnetic field strength and cosmic-ray intensity on a scale of a solar rotation at 1 AU does not exist, owing to the additional variations in cosmic-ray intensity associated with the solar wind speed. The amplitudes of the speed variations diminish with increasing distance from the Sun (Collard et al. 1982; Kayser et al. 1984) , so that the relationship between speed fluctuations and cosmic rays generally diminishes with increasing distance from the Sun.
An inverse relationship between the cosmic-ray intensity and the magnetic field strength at 1 AU on the scale of a solar cycle was reported by Cane et al. (1999) , Cane (2000) , and Wang et al. (2000) . This relationship is expected, because the cosmic-ray intensity is inversely related to the sunspot number, and the magnetic field strength is directly related to the sunspot number (see, e.g., Slavin et al. 1986 ). However, a simple time correlation such as this provides no proof of a causative relationship between these two parameters. Burlaga et al. (1998 Burlaga et al. ( , 2002a used the solar cycle variation of the magnetic field strength observed at 1 AU in order to compare the radial variations of the magnetic field strength measured by Voyager 1 (V1) with the theory of Parker (1958) . The relatively strong magnetic fields near solar maximum allow us to make more accurate and complete observations near solar maximum (as in this paper) than at solar minimum. Cane et al. (1999) and Wang et al. (2000) suggest that the relationship between cosmic-ray intensity and magnetic field strength at 1 AU is a result of the solar cycle variation of the '' open '' magnetic flux at the Sun, rather than the magnetic flux carried by systems of transient flows. Their conclusion is based on an inverse correlation between the cosmic-ray intensity and the '' open '' flux (which was calculated by Wang et al. using the source surface model and photospheric magnetic field observations). Cliver & Ling (2001) provided strong evidence that the cosmic-ray modulation is not driven by changes in the open flux. They argued that the modulation is caused by variations in the coronal mass ejection (CME) rate. Cliver & Ling concluded that the correlation between open flux and cosmic-ray intensity discussed by Cane et al. (1999) is not evidence for a cause-andeffect relationship, but is rather the result of an association between the open flux and the CME rate.
A simple quantitative relationship between the cosmicray intensity and the magnetic field strength on a timescale of 1 yr was observed by Burlaga et al. (1985) in the data from Voyager 2 (V2) near 11 AU, where the speed variations are relatively small. When the magnetic field strength B was stronger than the average magnetic field for a given year, hB 1 yr i (which varies with the solar cycle), the cosmic-ray intensity decreased at a rate inversely proportional to B, and when B was hB 1 yr i, the cosmic-ray intensity increased at a constant rate. Burlaga et al. (1985) called this the '' CR-B relation.'' The CR-B relation has been found to describe the V1 and V2 observations for every year for which reliable magnetic field observations are available since 1982. Note that the CR-B relation is intended to describe the steplike decrease such as those observed by McDonald et al. (1981) as well as the smaller variations of the cosmic-ray intensity, both of which are observed on the scale of approximately 1 yr, not a solar cycle variation. Recently, a similar relation with an additional free parameter was introduced (Wibberenz & Cane 2001; Wibberenz et al. 2001; Cane et al. 2001; . Burlaga et al. (1984) showed that systems of transient flows containing strong magnetic fields produce decreases in the cosmic-ray intensity near 1 AU. They argued that the strong magnetic fields in the transient flow systems cause the propagating step decreases in the cosmic-ray intensity. Burlaga et al. (1984) also argued that a transient flow system would evolve to a quasi-spherical '' shell '' with a thickness of the order of 10-20 AU in the outer heliosphere. A number of step decreases in the cosmic-ray intensity have been observed in the outer heliosphere (McDonald & Burlaga 1997) , and it was shown that they are associated with extended regions of intense magnetic fields (see, for example, Burlaga et al. 1993a Burlaga et al. , 1993b . The extended regions of intense magnetic fields were called '' global merged interaction regions '' (GMIRs) by Burlaga et al. (1993a) , in order to emphasize their global shell-like structure and their production by the merging of the strong magnetic fields in transient flow systems as they move through the heliosphere.
The observed GMIRs correspond to the hypothetical diffusive barriers modeled by Perko & Fisk (1983) that were introduced in order to explain the propagation of step decreases in the cosmic-ray intensity through the heliosphere. The dynamical processes leading to the formation of merged interactions, and GMIRs in particular, are reviewed in Whang (1991) and Burlaga (1995) .
A major aim of this paper is to show that the step decreases in cosmic-ray intensity observed by Voyagers 1 and 2 during 2000 and 2001 were associated with regions of intense magnetic fields. We also show that the CR-B relation of Burlaga et al. (1985) describes the relationships between the cosmic-ray intensity and the magnetic field strength out to 81 AU, but only in a qualitative way at the largest distances (where there are large uncertainties in the discontinuous and limited measurements of the magnetic field). The trajectories of V1 and V2 are shown in Figure 1 for the interval from 1978 to 2011. Figure 1a shows the radial distance of the spacecraft from the Sun, and Figure 1b shows their latitude relative to the solar equatorial plane. The interval considered in this paper, from 2000 to 2002, is shown between the two vertical dashed lines. V1 is more distant than V2, and V1 is above the equatorial plane while V2 is below it. 
Cosmic-Ray Intensity
The variations of the relative counting rates of the cosmic rays observed by V1 and V2 from 2000 to 2002 are shown in Figures 2a and 2b , respectively. The data are 24 hr averages of the counting rates of the >70 MeV nucleon À1 galactic cosmic rays from the CRS experiment of Stone et al. (1977) . There is a net decrease in the cosmic-ray intensity during this interval at both V1 and V2, and the decrease occurred primarily in two steps at both spacecraft. The first step decrease was observed by V2 in the second quarter of the year 2000, and the second step decrease was observed by V2 at the end of the year 2000 and the beginning of 2001. Since V1 is farther from the Sun than V2 and since step decreases are convectively transported radially away from the Sun at the solar wind speed (McDonald et al. 1981 (McDonald et al. , 1994 (McDonald et al. , 2000 , the step decreases are observed first at V2 and later at V1. These two step decreases are the only significant modulation events observed at the Voyager spacecraft in the >70 MeV nucleon À1 Pen rate in solar cycle 23 through 2002.36. The net decrease at V1 and V2 is 18% and 23%, respectively. At 1 AU, the IMP-8 Pen rate decreases by a factor of 3.4 from the onset of solar cycle 23 through 2001.71 (when data processing was temporarily terminated). The effects of the step decreases are greatly reduced at the large heliospheric distances. The initial recovery for solar cycle 23 appears to have begun at 1 AU in early 2001. In the next two sections we show how the cosmic-ray intensity changes are related to the magnetic field strength measured by V1 and V2.
The mid-2000 step decrease was observed by Pioneer 10 at 78 AU in the antapex direction as well as by V1 and V2 at 61 and 78 AU, respectively, in the apex direction (Van Allen et al. 2002) . This observation provides strong evidence that the event was produced by a single global heliospheric structure, a GMIR.
The early 2001 steplike decrease was discussed previously by Van Allen et al. (2002) . Although the Pioneer 10 data are sparse, the magnitude of the decrease was comparable to that at V1 and V2, and the propagation speed of the decrease (%520 km s À1 between 63 and 81 AU) was the same in the antapex direction as in the apex direction. These multiple and widely separated spacecraft observations argue persuasively that this event was produced by a single global heliospheric structure.
The propagation of the early 2001 steplike decrease from 1 AU to V2 at 63 AU and V1 at 80 AU was described by Webber et al. (2002) . They assumed that the decrease observed by V1 started on 2001 day of the year (DOY) 76 AE 5, and corresponds to the decrease observed by V2 on 2001 DOY 12 (see Fig. 2 ). With this assumption they found a propagation speed %454 km s À1 from V2 to V1, which is comparable to the peak speed at V2 during the event of %450 km s À1 . Using this speed and the observed time for the decrease in cosmic-ray intensity from onset to minimum at V2 in early 2001 (%25 days), they calculate a thickness (radial extent) %6 AU for the interaction region; they estimate a similar thickness at V1.
We consider that the steplike decrease observed by V1 begins at the time of the maximum intensity in early 2001 ( Fig. 2a) and that the steplike decrease observed by V2 begins at the time of the maximum intensity in the third quarter of 2000 (Fig. 2b) . Thus, we assume that the single broad steplike decrease observed by V1 in early 2001 corresponds to the two-step decrease observed by V2 from late 2000 to 2001 DOY 12. Figure 3 . A steplike decrease in the cosmic-ray intensity was observed by V1 beginning %2000.37 and ending %2000.71. Figure 2a shows the first step decrease observed by V1 at %78 AU in the distant heliosphere in solar cycle 23; it corresponds to the step decrease observed by V2 at %61 AU discussed below.
The magnetic field strength observations made by V1 (Behannon et al. 1977 ) from year 2000.08 to 2001.0 are shown in Figure 3b . At large distances, where the heliospheric magnetic field is weak, the V1 magnetic field data are contaminated by magnetic fields produced by the spacecraft. There are two magnetometers mounted on a boom, the primary magnetometer at the end of the boom and the secondary magnetometer closer to the spacecraft. We consider only those V1 measurements for which the difference 1 in the 24 hr averages of magnetic field intensity measured by the primary and secondary magnetometers is 1 < 0:03 nT. This data-selection criterion produces data gaps that are seen in Figure 3 as the absence of data points and the relatively long lines connecting some successive data points. Estimates of the uncertainties in the measurements are indicated by the bars through the data points with lengths equal to AE 1 .
A GMIR was observed in association with the steplike decrease in the cosmic-ray intensity beginning %2000.37 (DOY 134) and extending to at least 2000.71 (DOY 259). Thus, the GMIR remained an effective modulation agent out to %78 AU. The passage time of the GMIR is % 4:8 solar rotations, corresponding to a radial extent of %28 AU if the solar wind speed at V1 was approximately the propagation speed of the step decrease, %390 km s À1 , as estimated by Van Allen et al. (2002) . Neglecting the small deceleration owing to pickup protons production and the possible crossing of the termination shock, this means that when the trailing edge of the GMIR was at V1 (%82 AU), the leading edge of the GMIR was in the heliosheath, if the termination shock was at less than or equal to 85-90 AU (Stone 2001; Webber et al. 2001) . In this case, most of the GMIR would have been in the upstream heliosheath when its trailing edge moved past V1. Le Roux & Fichtner (1999) calculated that a GMIR becomes weak and ineffective as a modulation agent after it passes through the termination shock. The fact that V1 observed relatively strong modulation and no rapid recovery at 82 AU implies the GMIR remained effective in modulating the cosmic rays. Thus, either the prediction of le Roux & Fichtner (1999) is incorrect or the termination shock was beyond 85-90 AU. In any case, the lack of a rapid recovery means that one cannot use the method of le Roux & Fichtner to estimate the position of the termination shock in this case.
Voyager 2 Observations
The cosmic-ray observations made by V2 from year 2000.0 to 2000.8 are shown in Figure 4a . A steplike decrease in the cosmic-ray intensity was observed by V2 beginning %2000.31 and ending 2000.53 by our estimation; the passage time is %3.1 solar rotations. On the scale shown in Figure 4a the decrease in cosmic-ray intensity appears rather broad, but on a scale of a solar cycle (11 yr, %155 solar rotations) such a decrease does appear abrupt, which is the justification for using the term '' step decrease.'' Figure  4a shows the first step decrease observed by V2 in the distant heliosphere in solar cycle 23.
The magnetic field strength observations made by V2 from year 2000.0 to 2000.8 are shown as solid circles connected by straight lines in Figure 4b . At large distances, the V2 magnetic field data are contaminated by magnetic fields produced by the spacecraft. After %1985, V2 magnetic field data are also contaminated by quasi-periodic oscillations observed in the magnetic field with periods of the order of %2-10 hr that are associated with the spacecraft telemetry system. Thus, we consider only those V2 observations for which the difference 2 in the 24 hr averages of magnetic field intensity measured by the primary and secondary magnetometers is 2 < 0:05 nT. The data-selection criterion produces data gaps that are seen as the absence of dots and the relatively long lies connecting some successive dots in Figure 4b . Estimates of the uncertainties in the measure- A region of enhanced magnetic field was observed in association with the steplike decrease in the cosmic-ray intensity beginning %2000.31 (DOY 113) and extending to at least 2000.46 (DOY 168) and possibly to 2000.53 (DOY 192) . Since the time delay between the step decrease and GMIR observed by V2 and V1 is approximately equal to the solar wind propagation time, V1 and V2 were probably observing the same GMIR (Van Allen et al. 2002) . Thus, the GMIR acts as a barrier to the cosmic rays. The passage time of the GMIR corresponds to a radial extent of %13-20 AU. The width of the GMIR might extend throughout the 56 day duration of the step decrease.
One can draw several additional conclusions about the relation between B and the cosmic-ray intensity from Figures 3 and 4. The GMIR was indeed a large-scale structure; it extended %60 in latitude, %36 in longitude, %(22:8 AE 8) AU in radial thickness, and it was observed in both the apex and antapex directions. The GMIR consists of clusters of strong fields, rather than a single broad region of strong magnetic field. The step decrease in the cosmic-ray intensity is not smooth; it contains some relatively large and abrupt decreases, each of which is related to a localized peak in B. Prior to the step decrease, B was relatively low and the cosmic-ray intensity was increasing. Following the step decrease, the cosmic-ray intensity was relatively constant and the magnetic field strength was near average. This type of behavior (decreasing cosmic-ray intensity when B is relatively strong, increasing cosmic-ray intensity when B is relatively weak, and constant cosmic-ray intensity when B is near its average for the year) has been observed by V2 and V1 for many years since 1982, as discussed in the introduction. Burlaga et al. (1985) observed the following relation between changes in the 24 hr averages of the cosmic-ray intensity C and the magnetic field strength B relative to the average field hB 1 yr i in a %1 yr interval,
CR-B Relation
Here D and R are constants, determined by trial and error, that give the best fits to the observed cosmic-ray intensity profile for a given year. We emphasize that the CR-B relation describes changes in the cosmic-ray intensity on a timescale of 1 yr, not on a timescale of a solar cycle or more. The normalization factor, hB 1 AU i, varies with solar cycle. Figure 5 shows 24 hr averages of the cosmic-ray intensity observed by V1 and V2 during the year 2000, together with the curve computed by integrating CR-B relation using the observed magnetic field strength B. The top panel of Figure  5 shows that the CR-B relation predicts a step decrease in the cosmic-ray intensity observed by V1, corresponding to the strong magnetic fields in the GMIR shown in Figure 3 . However, the predicted step decrease begins when the intensity stops increasing, not when the primary step decrease is observed. The discrepancy could be due to large uncertainties in the measurements and a large data gap at the front of the GMIR (see Fig. 3 ). The lower panel of Figure 5 shows that the CR-B relation also predicts a step decrease in the cosmic-ray intensity observed by V2 as a result of the strong fields in the GMIR observed by V2. Again, however, there are significant discrepancies that can be attributed at least in part to uncertainties in the magnetic field measurements and gaps in the data (see Fig. 4 ). The CR-B relation is not a theoretical curve; it is simply a way of describing how The magnetic field intensity observed by V2 during the same interval. A step decrease in the cosmic-ray intensity occurs in the middle of this interval during the passage of a GMIR. The step decrease and GMIR observed at V2 correspond to the step decrease and GMIR observed by V1, with a time delay corresponding to the solar wind propagation time from V2 to V1. changes in the cosmic-ray intensity can be related to the observed magnetic field strength enhancements and depressions. Figure 5 shows in a semiquantitative way what the eye can see in Figures 3 and 4: (1) the step decrease in cosmic-ray intensity is related to the strong magnetic fields, and 2) the cosmic-ray intensity does not recover to its initial value at either V1 or V2 by the end of 2000. Burlaga et al. (2002b) showed that one could predict the distribution of speed differences as a function of scale observed by V2 from the plasma and magnetic field observations at 1 AU using the spherically symmetric MHD model of Wang et al. (2000a Wang et al. ( , 2000b . In general, one cannot predict the specific plasma and magnetic field profiles at V2 from observations made at 1 AU by a spacecraft such as the Advanced Composition Explorer (ACE), because the two spacecraft are approximately radially aligned for only a very short time once each year. However, Burlaga et al. (1984 Burlaga et al. ( , 1993a Burlaga et al. ( , 1993b suggest that GMIRs have the form of quasispherical shells surrounding the Sun to first approximation. To the extent that GMIRs are spherical, the longitudinal and latitudinal separation of ACE and V2 are not important, and one should be able to use a spherically symmetric model to project the observations from ACE to V2. Of course, one should not expect detailed agreement between the observed and predicted profiles, because ACE and V2 do not observe the same plasma and magnetic field. Nevertheless, one might expect to be able to predict passage of a GMIR to some degree of approximation. We use the onedimensional model mentioned above to compute the solar wind fields at V2. The ACE hourly averages are employed at the inner boundary at 1 AU. Linear interpolation is used across gaps in the input data set. The model assumes an interstellar neutral hydrogen density of 0.09 cm À3 at the termination shock. Figure 6 shows the predicted and observed magnetic field strength B and the density N at V2 during the year 2000. The predicted and observed magnetic field strength are shown in Figures 6a and 6c , respectively. The predicted and observed densities are shown in Figures 6b and 6d , respectively. The model does predict a region with relatively strong magnetic fields corresponding to a GMIR. The difference between the observed and predicted maximum value of B is largely the result of the neglect of the spiral geometry by the one-dimensional model. The model also predicts a region with relatively high densities that is related to the GMIR. The observed and predicted maximum densities are comparable, since the density is not affected by the spiral geometry. discussed the tendency for the density to be high in GMIRs. The observations in Figure 6d show that the density was high in the GMIR observed by V2 during the year 2000.
Prediction of the GMIR
The predicted arrival time of the GMIR is earlier than the observed arrival time, and the predicted width of the GMIR is somewhat larger than the observed width. These differences can be attributed to deviations from spherical symmetry of the shape of the GMIR. The details of the structure and magnitude of the observed magnetic field strength profile and the density profile differ from those of the corresponding predicted profiles, but this is to be expected because the plasma and magnetic fields sampled by ACE are not the same as those observed by V2, and because the model is (b), respectively. The CR-B relation, given the observations of the magnetic field intensity, predicts the occurrence of step decreases in the cosmic-ray intensity. However, there are significant quantitative discrepancies between the observed and computed cosmic-ray intensity profiles. The discrepancies are largely the result of uncertainties in the measurements of the magnetic field and the presence of data gaps. Fig. 6. -Panels a and c show the magnetic field intensity computed using the spherically symmetric MHD model of Wang with ACE observations made at 1 AU as input, and the observed magnetic field intensity, respectively. Panels b and d show the density computed using the model and the observed density, respectively. The model predicts the passage of a GMIR past V2, as indicated by the broad region of intense magnetic fields and high densities, even though ACE and V2 are not radially aligned during most of the interval. This is consistent with the idea that a GMIR has the form of a quasi-spherical shell.
highly idealized. Nevertheless, the results in Figure 6 show that one could have predicted the passage of a GMIR and consequently a step decrease in the cosmic-ray intensity at %61 AU approximately 250 days in advance from observations at 1 AU. It will be of interest to determine to what extent the GMIRs that were observed closer to the Sun by V1 and V2 can be described by the model, using observations made at 1 AU as input. Twenty-four hour averages of the magnetic field strength and the cosmic-ray intensity measured by V1 from 2000.8 through the year 2001 are shown in Figure 7 . A qualitative relationship between changes in the cosmic-ray intensity and the magnetic field strength can be seen in Figures 7a  and 7b . When the magnetic field strength is somewhat stronger than average, the cosmic-ray intensity decreases slightly, as one can see at the beginning of the interval. When the magnetic field strength is smaller than the average for the year, the cosmic-ray intensity increases slightly. A relatively large decrease in the cosmic-ray intensity is observed when a region containing relatively strong magnetic fields (probably a GMIR) moves past the V1 during the weeks around 2001.2 (between the two solid vertical lines in Fig. 7) . Assuming a solar wind speed of 0.25 AU per day, the width of the GMIR at V1 was %14 AU. The cosmic-ray intensity increases following the GMIR, where the magnetic field strength is generally less than average, until %2001.7, when it recovers to approximately its prestep decrease intensity.
Near the end of the interval in Figure 7 , the magnetic field strength fluctuates about the average of the value for the year, hB 1 yr i ¼ 0:05 nT, and the cosmic-ray intensity is essentially constant.
Voyager 2 Observations
Twenty-four hour averages of the cosmic-ray intensity and the magnetic field strength measured by V2 from 2000.8 through the year 2001 are shown in Figures 8a and 8b , respectively. There are two decreases in the cosmic-ray intensity at the beginning of the interval, and each is associated with an enhancement of the magnetic field intensity. One can view the two decreases in the cosmic-ray intensity as two parts of a single step decrease, and one can regard the two magnetic field strength enhancements as two parts of a single GMIR. Assuming a solar wind speed equal to 0.25 AU per day, the width of the GMIR at V2 was %17 AU.
The first magnetic field strength enhancement in Figure  8b is associated with the Bastille Day event in the year 2000 and the related flows (Whang et al. 2001; Lepping et al. 2001; Smith et al. 2001; Burlaga et al. 2001a Burlaga et al. , 2001b Zank et al. 2001) . During this time V2 was nearly radially aligned with ACE, and the magnetic field intensity at V2 that is predicted by the model of Wang using ACE data as input is in good agreement with the observed magnetic field intensity (Wang et al. 2001 ).
CR-B Relation
The cosmic-ray intensity profiles computed from the V1 and V2 observations of the magnetic field strength by integrating the CR-B relation are shown in Figures 9a and 9b , respectively. There is qualitative agreement between the results derived from the CR-B relation and the cosmic-ray The magnetic field intensity observed by V1 during the same interval. The variations of the cosmic-ray intensity are related to those in magnetic field strength in the way described by the CR-B relation. The cosmic-ray intensity decreases when the field is strong, increases when the magnetic field is weak, and is approximately constant when the field strength fluctuates about the average value for the year.
observations for V1, which are plotted in Figure 9a . The step decreases at V1 and the two-component step decrease at V2 are related to the magnetic field strength as described qualitatively by the CR-B relation. The CR-B relation predicts a recovery to at least the prestep level at V1, but no appreciable recovery at V2, consistent with the observations. However, the cosmic-ray intensity profile calculated from the observed magnetic field strength profile using the CR-B relation does not follow the observed cosmic-ray intensity profile closely, particularly for V2. This discrepancy in the details could be primarily the result of uncertainties in the measurements of the very weak magnetic fields and to the data gaps. The discrepancy is greater for V2 than for V1, consistent with the larger uncertainties in the V2 magnetic field data. Since the model curve is derived by integrating the CR-B equation (1) as a function of time starting at the beginning of the interval, the uncertainties accumulate with increasing time.
We conclude from Figure 9 that, even out to 87 AU from the Sun, one can explain the major features in the cosmicray intensity profile as a consequence of the variations of the local magnetic field strength (as described by the CR-B relation) when the Sun is active. Perhaps more exact fits could be obtained using a generalization of the CR-B relation with more parameters. But the discrepancies associated with the uncertainties in the magnetic field measurements would remain. The important point is that the basic cause of the cosmic-ray intensity variations is the magnetic field strength. Presumably, this is because the diffusion of cosmic rays is related to the magnetic field strength.
Although the major step decreases in the cosmic-ray intensity are associated with distinct features in the magnetic field strength profile, namely, interaction regions containing very strong magnetic fields, the cosmic-ray intensity profile is the cumulative result of the passage of all of the magnetic field strength variations, large and small. While it is useful to focus on GMIRs as the cause of step decreases in the cosmic-ray intensity, one must understand that smaller magnetic field strength changes outside the GMIRs also contribute to the modulation of cosmic rays during any given year, as shown by for CR-B relations that have been published for earlier data.
SUMMARY
This paper discusses the relationships between interplanetary magnetic field strength and the changes in the cosmic-ray intensity observed in the distant heliosphere and the conditions of solar maximum at V1 and V2. We consider the observations made during the years 2000 and 2001 when V1 moved between 76.1 and 87.0 AU at latitude %34=5 and V2 moved between 59.8 and 69.1 AU at latitude %À25=5. A global merged interaction region (GMIR) containing enhanced magnetic fields was observed by V1 and V2 at %78 and %61 AU, respectively, during 2000. This GMIR produced the first steplike decrease in the cosmic-ray intensity observed in the distant heliosphere during solar cycle 23. The GMIR and the steplike decrease in cosmic-ray intensity occurred later at V1 than at V2, the time delay being approximately the propagation time of the GMIR from V2 to V1 at the solar wind speed. The radial extent of the GMIR was %13-20 AU at V2 and %28 AU at V1. The GMIR consisted of a cluster of magnetic field strength enhancements by a factor of %2 relative to the %1 yr average of the magnetic field strength, hB 1 yr i.
A two-component step decrease in the cosmic-ray intensity was observed by V2 (at the end of 2000 and beginning of 2001). It was caused by two interaction regions with intense magnetic fields. These interaction regions are expected to merge farther from the Sun, as shown for earlier data by Whang & Burlaga (1986) , so one might regard them as two parts of a single GMIR. V1 observed only a single step decrease at the beginning of the year 2001. This step decrease was caused by a thick interaction region with intense and variable magnetic fields, which was presumably a part of the same GMIR observed by V2.
Throughout the years 2000 and 2001, both V1 and V2 observed a correlation between changes in the cosmic-ray intensity and the magnetic field strength. The cosmic-ray intensity tended to decrease when the field was relatively strong, to increase when the magnetic field was weak, and to remain approximately constant when B was close to the yearly average the value of B. This relationship was expressed in a quantitative form by Burlaga et al. (1985) , who called it the CR-B relation. The CR-B relation has been observed by V1 and V2 during every year for which accurate measurements are available, beginning in 1982. By integrating the CR-B relation using observations of B for any given year, one can obtain an estimate of the cosmic-ray intensity as a function of time for that year. The cosmic-ray intensity derived in this way from the V1 magnetic field measurements during the years 2000 and 2001 shows the basic structure of the observed cosmic-ray intensity profile, but there are large differences in detail owing to the uncertainties in the V2 magnetic field measurements and to the data gaps. The cosmic-ray intensity derived from the V2 magnetic field measurements during the years 2000 and 2001 using the CR-B relation shows the major step decreases and other qualitative features that are observed, but there are significant quantitative differences between the derived and the observed cosmic-ray intensity profiles. The CR-B relation using the magnetic field strength measurements from V1 and V2 accounts for the step decreases in cosmic-ray intensity observed in 2000 and 2001, and it explains why a nearly complete recovery was observed at V1 but not at V2 during 2002.
The constants D and R that were chosen for the fits described above are in general agreement with those that were obtained for each of the years in the interval from 1983 to 2000. The parameter R shown in Figure 10a (measuring the recovery rate of the cosmic-ray intensity when the field is weak) tends to decrease monotonically from 1983 through 2001, independent of the 22 yr magnetic cycle. The value of R decreases by a factor of 6 from 10 to 60 AU, suggesting that the refill rate depends on the distance of the GMIR from the reservoir of particles, with a slower recovery rate at larger distances. There is no variation of R with solar cycle that is comparable in magnitude with the distance variation. The parameter D shown in Figure 10b (measuring the decrease in the cosmic-ray intensity in response to strong fields) is essentially constant from 1983 through 2001. Thus, the local effect of B=hB 1 yr i on the cosmic-ray intensity variations observed during a given year are essentially independent of the distance from the Sun and the phase of the solar cycle.
It is convenient to visualize GMIRs as quasi-spherical shells that are propagating outward through the heliosphere. If this were strictly true, then one should be able to predict the arrival of GMIRs at the positions of V1 and V2 using a spherically symmetric MHD model with plasma and magnetic field measurements from ACE as input, even though V2 and ACE are not radially aligned during most of the year. The spherically symmetric MHD model of Chi Wang with ACE data as input does predict the GMIR that caused the step decrease at V2 during the year 2000. The arrival time and the width of the GMIR were somewhat different than the observed patterns, suggesting that the GMIR was not exactly a spherical shell, as one might expect in the real world. Likewise, the model did not reproduce the observed internal structure of the magnetic field and density in the GMIR, because ACE and V2 were not radially aligned and consequently did not observe the same plasma and magnetic fields. Nevertheless, the ability to predict a GMIR at approximately the right time in the distant heliosphere at approximately 60 AU is significant, and it supports the concept that the GMIRs are quasi-spherical propagating shells of intense magnetic fields. N. F. Ness was supported by JPL contract 959167. We thank S. Kramer and T. McClanahan for programming support, M. Acuñ a for his continued assistance in evaluating the measurements, and Diana Taggart for supporting this work in several ways.
